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PURPOSE OF THIS: REPORT 


In accident prevention, | a study of statistical data is necessary to de- 
termine primery causes of accidents to devige means to eliminate causes at 
tae original sources. Explosions in coal mines ‘of the United States during 
the 10 vears ending December 31, 1931, rani ed third in the causes of fatal 
accidents; they constitutod 16.2 per cent of all fatal accidents: in bituminous 
mines and &.4 ner cent of all fatal accidents in. anthracite mines. A study. 
of coal-mine explosions in Pennsylvania, with approximately 160,000 men 
émployed in anthracite mines and about 145,000 in bituminous mines or about 
£05,000 out of the approximately 525,000 men employed in all coal mines of 
the United States, should give information of value to all persons ‘endeavoring 
to reduce or eliminate coal-mine explosions. This circular reviews explosions 
of gas or dust or of both in the coal mines of Pennsvlvania to show the hazard 
of gas and dust, to point out the influence of certain factors in causing ex- 
nlosions, and to emphasize the efficacy of i aca aa Me@sSurese 


“The data vublished annually by the State Department of Mines and of the 
United States Bureau of Mines were used in compiling the tables of explosions. 
iron the cooperation of W. H. Glasgow, secretary, Department of Mines of. 

Pennsylvania, and his assistants, many doubtful cascs were clarified, so that 
as far as recorded the history fs comparatively comnlete. Figures used in 
en beenan some of the tables‘were furnished by W. We Adams, chicf statistician, 
cemographical division, United States Bureau of Mines. 


EXPLOSIONS IN ANTHRACITE MINES 


-Anthracite in the Wvoming Basin of Pennsylvania was used locally by 
gunsmiths in 1755, by blacksmiths in 1769, and as domestic fuel in 1808. 


ee x a . . 

1 The Bureau of Mines will welcome the reprinting of this paper, provided the 
following footnote acknowledgment is used: "Reprinted from U. S. Bureau 
of Mines Information Circular 6710." 7 


< Supervising engineer, safety oe U. S. Bureau, of Mines, Pittsburgh 
Experiment Station, Pittsburg Pa. 

3 Assistant engineer,. U.. §. Bureau. of Mines, Satety: Seete ny Norton, Yas 
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Mining and shinments developed slowly between 1806 and 1812, but more rapidly 
after that. 


wearly mining along the outcrons gave essentially no trouble from gs, 
but by 1870, when State inspection was established, explosions were frequent; 


ventilation was crude and accumulations of gas were generally "brushed" or 
burned out. 


Table 1 lists 1,232 ignitions and explosions of gas in anthracite mines 
from 1870 to 1932, inclusive, every one of which was accompanied by loss of 
lifes. Some details are given of 110 revresentative cases in which five or 
more lives were lost or in which it apneared that some violence was present. 


Fatalities® 


During the period 1870 to 1932, inclusive, gas explosions caused 2,213 
fatalities, or an average of about two deaths for each ignition or explosion. 
Records are not available as to the mumber injured in these and in othor ex- 
plosions where no deaths occurred, but from a study of exnlosion reports it 
anpears probable that the number injured exceeds the number killed. In the 
110 cases described, 599 were killed and 294 were injured. As shown in Table 
2, fatalities from gas explosions averaged 8.3 nercent of the total fatalities 
in Pennsylvania anthracite mines from 1870 to 1931, varying from 6.0 percent 
in 1931 to 13.1 percent in 1927. 


Table 2. = Fatalities from gas explosions in anthracite mines 
Fatalities per million 


Period, . - Man-nours Percent of 
years Tons | (surface and total number 
underground . killed 

1870 1,09 0.24 8.1 
1871 — 1880 1.11 ay) 12.3 
1881 ~ 1890 66 Pp) 7.9 
1891 ~ 1900 71 eit 9.8 
1911 = 1920 47 ae ol2 Ved 
1921 - 1925 258 7 el5 10.0 
1926 68 18 12.8 
1927 «80 Re | 13.1 
1928 ‘~e4e.° * - “eID Tel 
1929 . 42 | s igak 6.4 
1930 e 59 o 16 9.3 
1931 | 039 | ell 6.0 
8.35 


t 


4 The mumber of cases and men killed differ from yearly totals given by the 
Bureau of Mines and the State due to the inclusion of fatalities segre- 


ae by them under other headings and some in mines not under State con- 
TOLe 
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I.C. 6710 
CAUSES OF EXPIOSIONS IN ANTHRACITE MINES 


The probable causes of the 110 representative ges explosions are summar— 
ized in Table 3; the four princtinal causes of the explosions are open lights, 
smoking, explosives or blasting devices, and flame satety lamps. Causes are 
discussed under separate headings. 


Table 3. '- Causes of ignitions of fas in anthracite 
mines in 110 selected explosions 


Cause : < ‘Explosions 

Open: Li ente: 6: oes eo es Sie ee eh eS HS 56 
Smoking « « « © «+ © e+ ee + © oe ow ww 13 
Explosives or blasting devices a Goa ee ° ‘14 
Flame safety lamps . . « « ee + e's ee eo 12 
Mivie- fires) 4, see: wee. aw: we. we we as 2S 4 
Electric arc or spark . . « « 6 e's © © © © 3 
HUYNACE 456-6 6% Se we SS WS we Be de * 
Unimown « 0 « « © «© © © © © © 8 © 8 8 8 8 2 
oe @¢@ ee e« @® e @e# 6 ® 110 


« QUAL se 6.6 0 8 


Open lights.- Of the 110 cases listed, 56 were caused by open lights, 

and 25 of the 32 explosions occurring »vrior to 1890 were caused by open 
lights. Although the need of a safe lamp was recognized, the Davy lamp, which 
vas invented in 1816, gave too feeble a light to make it popular. About 1890 
safety lamps became more generally used and explosions from opnen lights became 
less frequent, although 9 such explosions occurred in the 10-yoar period from 
1890 to 1899, inclusive. During the next 33 years only 22 explosions attrib- 
uted to open lights occurred. One explosion was caused by a fire boss explor- 
ing unventilated workings while carrying an open light. 


sefety lamps.- Davy lamps caused 12 of the listed ignitions. In 5 of 
these the lamps were opened or were in a defective condition; in the other 7 
ignitions, flame came through the cauze as a rosult of leaving the lighted 
lamp too long in an explosive mixture or in too strong a current of air. The 
first record of an explosion from a Davy flame safety lamp in a Pennsylvania 
ee mine was in 1870 and the latest in 1930 


Smolcing.- Although smoking was practiced in earlier years, the presence 
of open lights eliminated it as a sourco of ignition: because the open flame 
was already present. Unquestionably numerous gas ignitions were caused from 
smoking where flame safety lemps were used, before 1906, when the first igni- 
tion charged to smoking appears in the list; from 1906 electric cap lamps or 
permissible locked flame safety lamns were used extensively, so that smoking 
was marked as doubly dangerous and far more reprehensible, as the use of 
Closed lights almost invariably outlaws or prohibits smoking. Of the 110 gas 
ignitions recorded in Table 1, 18 explosions were charged to smoking from 1906 
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to 1932, inclusive; it is sieniticant ‘that four of the eight explosions in 
the anthracite mines of aa ala listed for 1931 and 1932 were attributed 


to smolcing. 


Fires.- In 4 cases, fires which had been started by open lights or Dlast- 
ing, ignited or reignited gas when explosive mixtures re~formed. 


Explosives or blasting devicos.- The first case of an ignition from blast- 


ing as given in Table 1 was in 1890; from that date until 1932 there are 14 
cases listed. Blasting with nonpermissible blasting wits caused some of 
these explosions and black blasting powder, dynamite, or nixed explosives were 
responsible for several explosions. 


Blectricity.- The first. “important ignition from an électric arc was in 
1921, another is listed in.1925, and a third in 1927: this source of ignition 
had been suspected in several other cases where the evidence was inconclusive. 
In at least 5 explosions.listed under "explosives or blasting devices" the 
most probable cause was eee electric blagting’ units that gave off 
an electric spark, oS ak the, & | 


Unknown causes.— In two. other. explosions no evidence of the source of 
ignition was found, but in both an open flame is indicated, All of the 110 
cases cited were thought to be ignitions and explosions of methane; it would 
appear that this hazard should be fully recognized,. but in spite of this ‘movr- 
ledge, open lights, smoking, nonpermissible agree devices and explosives, 
and "safety" lamys:- that have proved themselves unsafe have been allowed to re- 
main in some anthracite mines. Probably 100 of the 110 explosions listed in 
Table 3 were caused by open tyne or other recognized unsafe equipment. 


CAUSES OF GAS. ACCUMULATIONS IN ANTHRACITE MINES 


The need for properly controlled ventilation as a prerequisite in pre- 
venting gas explosions is evident, but many explosions are the direct rosult 
of violating good ventilation practices« The causes directly accountable 
for the accumulation of gas responsible for the 110 explosions cited have 
been correlated in Table 4, showing the number of accumulations by major 
causes and subdivided into minor causes. The largest mumber of accumulations 
was the direct result of insufficient or interrupted ventilation. Fells or 
Slides of roof or coal rank second in causes of accumulations of gas, open 
doors ranic third, feeders and outbursts of gas fourth, blasting fifth, and 
fane sixth. Type major groups that cause gas accumulation are discussed in 
more detail to emphasize the underlying. causes of failure to remove or dilute 
i ih gas in the anthracite mines of es : 


902° | eb Bice 


Google 


I.C. 6710 


Table 4.— Causes of gas accumulations in Pennsylvania 
cnthracite mines - 1847. to 1932 


Causes of accumulations Number - 

Insufficient or interrupted ventilation .. os. cee eee ee ee 4? 
Changes | in ventilation Si ai ce Sai Se SE. es ee oe oe ee we 8 et 13 
Insufficient ventilation a re | 7. e© © «© @ © @ © @ © 13 
Ventilation not carried to face . «+. «see ee 8 
Lack of ventilation hoe ae oe eee ee e a Ses > aS ©.@ ¢ © @ 8 e 6 
Ventilation interrupted . . . 2 © 2 6 6 6 ee 0 tw ww o-s eo 3 
he brattice or brattice not in place ee 0 © © ew 8 bee we 3 
Gas from bore hole NOC dLiUted. 4. 6.6. 6. Oe ee} OO 1 
Falls or slides Of roof or Coal. ss « © 6 0 @ 6 «0 «#6 «S88 18 
Squeeze or fall blocked airway eoeseeevee* eee 8 © 8 © 6 © © @ 4 
Fall released <=) - a a a ee 2 rr | rs) 
Gas released by ru of coal “;@ eee © © © © © © 8 6 © ee ee 4 
Fall in oid workings forced out gas .« «ss «ee ceceecvveese 1 
Squeeze and fall released gas oeseeee8e8680e e¢ «© © © © 8 6 1 
Open doors Pr er ee ee eS a 14 
Door leit ODEN .« « e ee © © © © © © © © © © oe 8 ee ee ee 8 
Removal of door Aig eo 0-8 © © © © oo 8 8 ee ew lw eee @© © @ 1 
Settling . roof held coc> CNOEN «© 2» © wa eo wo ee oe eh he hl hl el tl le 1 
Door in stopping le: t. OT.EN « e oe @ es © © © © ee ee ° ee 6 1 
Double.doors, too chose. to contain trip, left open a 1 
Repairing broken door . oe oe @ @ or a er re er ee ee ee er er er er cr er er 1 
Door open while shifting Cars .e« e©§ © e «© © © e©& © © © © © © © 8 he 1 
Feeders and sat bursts of Les Pr rr ee ee Yee ee ey Sr i ey a er . 11 
Feeders at face en : 
Ges in old workings roleased when tapped in mining « « « « © « e 3 
Gas burst from coal e @ e ee eo 0 © © © © © © © eo e < eo @¢ e@ 2 
Feeders in test hole ...«.-ce-srexcsee ee ecw ee eee co 1 
Feeders in sealod area . ee eer ee ee ee ee ee ee rr J 
Gas released when zassy bed was cut into . a ee ee ee ee 1 
BUSSUIN Sg 6238. es ee, 2 St a ee OO eas ee we 8 
Gas released by blasting eeevseseeeeee ete © © © © © © © ee le 7 

7 Blast ing blocked. intake Qlrway 2. c«eesre es ce oe 0 © ee 8 8 le lL 
a eee eo eo @ 8 8 8 © 8 SA ce et Yee We ee 6 Sorc: fe: Wo See se 6 
Booster fan idle overnight A a ee er ee rr er P= 
"Fan stopped 20 minutes ‘with hot bearing « « « ev eee wees l 
Fan stopped l hour « «6s» se ee 8 eo @ ° oe ° eee © © 8 @ 1 
Fans stopped over holiday — eee ee oe. . ee 0 eee oe 2.8 1 
Booster fan ot delivering enough Qlir «cee edie oe ee ow ow 1 
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Table 4.-. fauses of gas accumlations in Pennsylvania 
anthy acite mines - 1847 to 1932--Continued 


Causes of accumlations a Ahan ber - 


6 
i 


Miscellaneous CAUSCB « « «© © 0 « « ooeee se ee ee ere oe ee e 
Sump filled and: man entered past ‘danger board 2 2 e+ 
Old workings entered, not ventilated,’ no examination .- 


Presence of gas ignored ..« « « « « ° ce ew we ew 8 ee 8: 
Unknown 2 « « a eer ae ee ae er a ee Te ee Oe ee ee 
Change of ventilation *y unauthorized persons’ « « « ee eee 


Regulator closed" ne ae ae eee#eeee Paci é 6: we lel Ot. Bees eS 
Boards removed Bou brattice to use in door « «ee ccreeesceve 


Total a ae = ee 


Insufficient or interrupted vwentilation.- Probably all failures to 
"dilute, render harmloss, and remove gas" could be attributed to insufficient 
ventilation; however, the 47 casés segregated under this heading are due 
wholly to the causes named. Chanzes in ventilation, causing 13 accumulations, 
consisted of changing ventilation pipes, removing air. hose during blasting, — 
changing regulators, erecting brattice, extending line brattice,.and similar 
methods to remove bodies. of gas. A like number of- accumlattons, 13,. were 
caused by failure to supply sufficient air’ to romove gas as it was liberated. 
Gas accumlated at faces of workings that were not ventilated prior to 8 ex- 
Plosions of gas.’ -Feilure.to ventilate or seal abandoned or idle workings 
caused 6 accunulations of.gas that resulted in explosions. Interruption of 
ventilation arid’ failure to wut up brattices or to.replace brattices each 
caused 3 gas accumulations. One =o was causod by failure to dilute 
gas issuing from a bore a -— 


The United States ern of Mines considers all coal. mines gassy beceuse 
even where little or no gas has been detocted, sudden outbursts or release of 
gas has occurred. ‘Thereforo, air should “bd so conducted that a strong current 
will sweep every working face and enouch ‘air will be-conducted through all 
opert workings to prevont:-gas.accymulations. ‘In removing gas accumlations, 
safe practice demands that all versons be removed from the mine or at least 
from the return-air side of the. ae accumlations during the moving process. 


Falls or slides of ‘roof or ee ' Bighteen ges accumilations were caused 
by falls or ‘slides of -roof oar coal which disrupted the vontilation or rel 
4nmz quantities of methane. Squeezes or falls, blocking airways, resulted in 
&as accumulating prior to'7' explosions. Falls of roof or-coal released: large 
volumes of gas in 5 Cases, run of: coal. released gas in 4 cases, a fall in old 
workings released gas in 1 case, and a squeeze and a fall of roof also released 
gas in 1 case. Where it ‘is' known or even suspected that gas may be released 
in case of falls, squeezes," coal -runs, etce, good mining practice should de- 
mand that possible sources of ignition such as open lights, blasting, eroowee 
sparks or arcs should be held to a minimm. 
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Open doors.- In 14 ca~ “8s open pede resulted in Bs ‘accumlations: doors 
being left open caused 8 c? these accumulations and an ‘accumulation was cas 
in each case by removal of a door, roof settling and holding a door~vpen; 
door in a stopping bein, isft open, doors in an air lock being too close ne 
allow a trip to pass without both doors being open, and a door left open while 
cars were being shifted. 

Feeders and outburste of ‘gas.- In some mines a large eaicunt of the gas.is 
liberated from feeders, and in 11 of the d¢ages cited, feeders -or outbursts of 
gas caused accumulations; at least 5 of these ‘were the result of uncovering | 
feeders, and the other 6 were caused by gas rushing from on WorisnE ss or tech 7 
outbursts from gas in beds under pressure. oa 

Blasting.- In many mines considerable gas is: eoieeacal by er and. - 
at times feeders or bodies of gas are reléased;'in 7 of the cases cited release 
of explosive gas by blasting was thd cause of accumulations, and.in one case 
olasting blocked an airway, cutting off ventilation. By all means blasting 
should, if possible, be done when the working shift is not in tha mine or at 
least not in the immediate vicinity or on the return side of the place or 
places where blasting is done. © ~ 


Fanse~- Failure, in some manner, of fans caused at least 6 accumulations 
of gas; 5 of these were due to shutting down of so-called auxiliary fens, and 
l was caused by a booster fan not delivering enough air. Auxiliarfans used 
underground are, in most CASOB, an admission wae the aeons system is 
inefficient. i ie 


Changes in ventila ton by unauthorized persons. - isanees in ventilation 
by unauthorized persons is . far too common cause of inadequate mine ventila- 


tion, although Table l cite. only two cases: tampering with a regulator and 
demolishing a brattice ‘to obtain timber. It is possible that a mumber of the 
cases listed under insuff* rient ventilation may be attributed to. this cause. 


Miscellaneous ‘causes.—- In 3 of the 4 miscellaneous cases of gas accumula- _ 
tions the presence of gas was known, and precautions were taken to warn work- 
men, who disregarded the warnings. Disregarding danger signs is by no means 
an unusual occurrence; horever, these vidlations clearly. show the need of 
ventilating all places that are not sealed, and also the need of education of 
the workers and of more effective supervision by mene enV 


PREVENTION OF EXPLOSIONS IN ANTIRACTTR MINES 


Explosions in Pennsylvania mines: are: poueral investigated by State 
tine inspectors and by trained safety investigators of the Ynited States 
Bureau of Mines. The recommendations made by: these men are based on wide 
experience and mature judgment; therefore such suggestions should be given 
full consideration. The methods recommended for preventing the explosions 
in anthracite mines as given in Table 1 are listed in Table 5, 
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Table 5.- Methods recommended for preventing exnlosions os : 

listed in Table 1 in anthracite mines 40 kins, 

at_the time of the explosions = ets eb 
Recommendations -- =" "I * \eeonmended 


= 
. ete, 7s 
oy = * 
< Pram a Mane a 


Ventilate mine or improve ventilation. . Soe ae 


Use or proper use of flame safety lamps . 
Inspection, or improve inspection methods 
SUPOPVIS1ON. 6.6: wie) ei Se Ue, et sw 
Use permissible (closed) lights . 2. « « . 
Uso permissible explosives and blasting unit 
NO SMOKING. o> -6:e) 6 ee Ww we a 
Eliminate cuxiliary fans underground ... 
Instruction ot employees ...e«ecesee-s 
Use permissible electric equipment . . .« « 
Remove men from return air when moving gas 
Eliminate doors by building overcasts . « .« 
Use only safety lamps in moving gas « « « » 
Proper spacing of doors in air locks ... 
Precautions in fighting mine fires . . « e 
Remove workmen from mine after erecting seals 
Seal fires that cannot be fought directly. . 
Provide second or stand-by fan on surface 
Prohibit matches underground .«... « 
Ventilate all open workings . . + « e« e 
Use double doors ..«.ce«ecececvee 
Blast only when men are off return air 
Make true roports of gas detectod . .« .« 
Remove men until section is clear of gas 
Restrict amount of explosives in one man's possession . 
wOSt fOr 2aS 2: 896-6: 4: ow. ] we Se we ew Se 
Ventilate gobs .« «sesecesveeseseevnvsees 
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Ventilation.- Greatest omphasis has been placed on adequate ventilation, 
this recommendation having been made 39 times in the reports on the 110 explo- 
sions listed in Table 1 and probably should have been made in many additional 
instances. It has heen shown that failure to ventilate, interruption of 
ventilation, failure to conduct air to the faces or failure to provide suf- 
ficient air allowed gas to accumlate in 78 of the 110 cases cited. In 16 
others pockets or feeders of gas were released, by cutting into abandoned 
areas or gassy beds or by blasting, in amounts so large that the normal air 
currents could not properly dilute the gas; here the obvious remedy is that 
in mines where gas may be expected in fairly large quantities, ignition 
agencies should be oliminated or at least very definitely restricted or safe- 
guarded. In 6 instances, standing gas in unventilated old workings was 
ignited in place or when moved over open lights. 
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In view of these facts the logical conclusion is that all open parts 
of the mine should be ventilated by a colume of air that will not only "dilute, 
render harmless, and remove" gas under normal conditions, but also will be | 
sufficient to "render harmless" sudden outbursts of gas; this requires the 
elimination of doors wherever possible, construction of tight stoppings, 
erection of effoctive line brattices, and construction of tight overcasts. 
All abandoned areas should be securely sealed, if practicable, and if they 
cannot be sealed a Corts any should be adequately ventilated. 


Flame safety lamps: Th e use of flame safety lamps in explosion preven— 
tion evidently has been coucidered of equal inmortance with ventilation, 
each recommendation being made 39 times (see Table 5). The Davy flame safety 
lamp has been by no means a denendable safeguard, but when carefully used it 
helped to reduce probability of occurrence of explosions in its day, In 1886, 
a State inspector cites a case of two men killed by a burst of gas and coal: 
"Due to use of ‘safety lamps, there was no explosion, which saved the loss of 
all the men in the mine that night." With the development of the modern 
anproved flame safety lamp and electric cap lamp, explosions due to ignition 
by le lights Should have ceased, sao they have not done so by any means. 


The levy flame safety lamp has served its purpose; now, safer and more 
effective lnmps are available, and unquestionably they should be used. At 
least one explosion was caused by an employee disassembling a flame safety 
lamp; if the up-to—date or permissible flame safety lamp is used, its magnetic 
lock should prevent unauthorized opening. The up-to-date permissible flame 
safety lamp also has. double gauzes wherever gauzes are used, and prevention 
of gas ignition is not dependent on a singlo gauze in some parts as is the 
case with most Davy lamns; the propagation of flame to: the surrounding gassy 
atmosphere by a Davy lamo, as was the case in one of the explosions listed, 
probably was the result of using a single gauze. Flané- safety lamyvs mst be 
handled properly and should be used only by a carerully trained employee; if 
carefully manirulated they may serve as a means to detect oxnlosive gas and 
prevent explosicns; unloss oxtreme care is exercised in thoir use, flame . 
safety lamps become an ‘additional explosion hazard. Hundreds of lives have 
been sacrified in coal-mine explosions in the United States, and in other 
countries as well, started ‘through misuse of flame safety lamps. 


nspection.- Table 5 sede that in 29 cases inspection or improved in- 
eines methods were recomended as a means of proventing explosions which 
have been listed in Table 1 as having occurred in the anthracite mines’ of 
Pennsylvania. Hundreds of-ignitions, resulting in fatal injuries, have 
occurred in Pennsylvania anthracite mines when men, many of them officials 
and fire bosses, went into unventilatod, uninspected workings with open 
lights. 


Inspection to be effective must bé a-conscientious, inflexible, rigid, 
well-planned procedure, not to be disregarded or slighted by officials or by 
workers. ‘Numerous explosions have been started by fire bosses or other 
officials who carried flame safety lamms, simultaneously wearing open lights, 
and entering uninspected, wmventilated workings. To prevent gas ignitions 
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in anthracite mines, insvectors should be assured that their eyesight is suf- 
ficiently acute to determine a gas cap and then should test, thoroughly, with 
a properly assembled nermissible flame safety lamp with a properly adjusted 
flee, end under no circumstances should open flame lanms be lighted or 
electrical equipment (especially onpen-tyne electrical equinment) be operated 
or shots be fired until the absence of dangerous, gassy mixtures is assured. 
The proper coursing of the air currents should be determined while testing 
for gas is in progress and caresul inspection should be made as to sources 

of ignition, such as onen flames, or electric arcs and sparks, to eliminate 
explosion hazards at their sources. Searching employees for matches, igniters, 
and smoking materials should be an important duty of inspectors and the search 
should be rigid, thordugh and if possible made under surprise conditions, as 
many explosions are started by deliberate violation of "no smoling" rules. 


Supervieion.— tn Table 5 sunervision ranks fourth in the nuimber of recom 
mendations made for preventing explosions. Swnervisionis the basis of all 
safety efforts and is wholly responsible for effectiveness of ventilation,’ for 
the presence or absence of sources of ignition, and for inspection to deter- 
mine presence of matches, igniters, open lights, the use of nonpermissible-: ex- 
nlosives and blasting devices, and nonpermissible electrical equimment or. of 
nermissible or nonpermissiblé equinment in a state of poor repair. 


Study of data in the ‘foregoing tables concerning explosions which have 
occurred in anthracite mines reveals that the number of fatalities from ex- 
-plosions varies with the number of ignitions in the ratio of approximately 
2 to 13 in this, incivient ignitions or explosions in anthracite mines are 
by no means as destructive as in bituminous mines. 


A notable decrease in fatalities from explosions followed supervision 
of anthracite mines by State mine inspectors from 1870 to 1888; an increase 
in fatalities then followed, essentially paralleling increase in production 
from 1889 to 1927, broken only by extended idle periods from strikes in 1902, 
1906, 1922, and 1925. The introduction of permissible (closed) lights in 
‘the more dangerous sections of the mines of some of the more progressive com 
vanies may be responsible in part for the temporary lowering of the number” 
‘4lled in explosions from 1916 to 1923. The marked decline in the fatality 
rate from explosions in anthracite mines since 1927 (see Table 2) has been 
due largely to improved ventilation and to the oxtension of the use of per- 
missible electric cap lamps, of permissible flame safety ‘lamps, of permissible 
explosives, and of electric firing of blasts; also, it has probably been aided 
by more intensive supervision in an effort to conform moro closely to the 
State law, by the added influence of a ala measures, and by the pres- 
sure of economic conditions. , 


Permissible (closed) lizhts.- Approximately half of the explosions listed 
in ‘Table l were caused by open lighta, yet tho use of closed lights was recom-. 
mended only.18 times; undoubtedly failure to recommend closed lights prior to | 
1910 was due to. the fact that in those days about the only closed light avail-| 
able was the flame safety lamp with its poor illuminating features and clumsi-: 
ness for ordinary use. “It is interesting to observe that electric (safety) 
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cap lamps were first uscd and developed in the United States in the anthracite 
mines by the Philadelphia & Reading Coal & Iron Co. during 1908.. This comnany, 
according to J. T. Jennings, "awolze to the dangers and disadvantages of the 
open~flame miners! lamp, and considering the benefits in safety, efficiency, 
end cleanliness an electric lamp would have over the ordinary open—flame oil 
lamp in the hands of a miner" made a "canvass of the United Statcs (that) 
showed that no electric miners’ lamp existed at that time." The electrical 
department of the company then developed a satisfactory lamp. The permissible 
electric cap lamp, if used in conjunction with adequate ventilation should 
eliminate from anthracite mines any gas explosions caused by open lights. 


In 1912, one large Vom any had 1,500 safety lamps in use, after 5 years 
of pioneer experimentat‘on: in 1932, approximately 33,000 electric cap lamps 
were in use in anthracite :1ines. 


Snorage. At ease explosions have been caused by smoking, yet only 
8 recommendations to prohibit smoking and the carrying of smoker's accessories 
such as matches and patented lighters or igniters have been made in reports 

on the 110 explosions listed in Table 13 it is significant that two of the 
explosions from smoking occurred in 1932. As a source of ignition in anthra~ 
cite mines, it is as important as open lights and other open-type equipment; 
therefore, smoking should be prohibited in all anthracite mines——in fact, in 
any underground mine; and the most determined offort should be made to enforce 


the rule at all times, particularly as regards smoking by mine officials. 


Permissible explosives and blasting units.~ As long as open lights were 
uscd, few ignitions resulted from blasting, because the lights generally 


ignited the gas before the shots were fired, although gas released by blasting 
was occasionally ignited by the shots, and in numerous instances gas liberated 
by shots and carried by air currents was ignited by open lights. With growth 
of the use of closed lights, ignitions through or at time of blasting became 
more common. The introduction of permissible explosives and electric blasting 
helped to limit these occurrences in anthracite mines, but the »s0 of fuse, 
squib, and nonsporovod blasting units, and overcharged and tizht holos or 
holes with lit«t!s or no stemming left loopholes, and explosions due to blasting 
continue to occur. Electric blasting is safer than firing shots with fuse or 
squib, but explcsions have been caused by nonpermissible miltiple blasting 
units or by using the power lines in. blasting. The growth of permissible ex- 
vlosives in anthracite miios is shown in the. following tabulation. 


Types of ex tos’ ves usod in anthracito mines, pounds 


<geEaD. 


Year Black blasting powder 


Permissible explosives 


7,298,925 


16,074,125 
15,608,235 


35, 754,225 
15, 569, 820 


10,289,300 


1917 w.c5 
LISL woe 
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_ EXPLOSIONS IN BITUMINOUS MINES 


Practically from the time of the earliest settlement in Penns:7lvania, 
coal has deen mined from outcrops for local and domestic use; the garrison 
of Fort Pitt mined coal on the banks of the Monongahela Rivcr in 1760 for its 
own use, and in 1786 mining was done under the authority of William Penn in 
the same locality. In 13845, some coke was produced and used in malcing iron. 
In 1842, coal production was about 500,000 tons, in 1850 about 1,000,000 tons, 
and in 1877, when tho first bituminous inspectors were Sones about 
14,000,000 tons, 


Mines rere iva arifts from the outcrops, with but “Uttle gas hazard, 
though in 1877 and 1878 Berar ignitions were paren ce which did not result 
in fatalities, 


Table 6 lists 170 explosions of various kinds in the bituminous coal 
mines of Pennsylvania of which record is available from 1878 to 1932, inclu- 
sive; of these, 85 are described in more or less detail as being explosions 
in which there was marked violence, or in which several were killed by burns 
or aftordamp. Small ignitions are grouped in the ant three columns of oo 
6 as other cases in the yearly totals. 


Fataliti es” 


Available records as listed in Table 6 extending from 1878 to Jan. l, 
1935, show that 170 gas and dust explosions in Pennsylvania bituminous mines 
resulted in 1,984 fatalitics or an average of about:12 fatalities in each ex- 
plosion; the number l-Allled in any one explosion ranged from 0 to 239. In 
scattered cases the injuries are considerable, but compared with the deaths, 
the mumber is small except possibly in the oarliest years. 


Table 7 presents the gas and dust fatality rates per ton and per million 
man-hours of surface and undergrowud work; the rates are remarkable for the 
wide variation and in particular for the fine showing in the last two years. 
The rate basod on man-hours follows the fatality rate in general trend, though 
it roflects the influence of increased efficiency in production. To 1895, the 
ratio of the two rates is about 3 to 1, then is approximately 2 to 1 until 
1925; from that date the ratio gradually decreases,- dropping to about 1.5 to 1 
in 1930 and the ratio is 2 to 1 for the entire period 1879 to 1931, inclusive. 
Gas and dust explosion fatalities averaged 12 per cent of the total killedin 
the bituminous mines of Pennsylvania over the entire period 1879 to 1931, 
inclusive. 


& bee reference 4, page 2. 
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Table 7. - Gas av. dust explosion fatalities in Pennsylvania 
~ _fuinous mines, 1079-1961 


| am | Peunsylvania bituminous mines 
1879 - 1880 0,05 oR. Bee 


| 
1881 - 1885 | 12,3 
1886 - 1890 ee 
1891 - 1895 + 16.5 
1896 - 1900 . 6.5 
1901 - 1905 18.4 
1906 - 1910 18,0 
1911 - 1915 6.5 
1916 ~ 1920 4.6 
1921 ~ 1925 9.3 
1926 ~ 16.5 
1927 £28 
1928 44.6 
1929 12.3 
1930 1.7 
193] 0.0 


Tota] 1879- ; 0,169 - 12.0 
1931 | 
CAUSES Ci ZXPLOSIONS IN BITUMINOUS MINES 


The causes of explosic’.s in bituminous mines are restricted essentially 
to four: open lights, resulting in 40 explosions; electric arcs, or sparks, 
resulting in 24 explosions; explosives or blasting devices, initiating 16 
explosions; end mine firec, contributing to 4 explosions. Three causes that 
were listed under explosions in anthracite mines in Pennsylvania do not appear 
in Table 8. Wo explosion is known to have been initiated by flame safety 
lamps in the bituminous mincs of Pennsylvania, although 12 explosions were 
caused by Davy flame safety lamps in anthracite mines. No explosions wore 
attributed to smoking in bituminous mines, although smoking caused 18 explo- 
Sions in anthracite mines. No explosions in ae mines are known to 
have been caused by furnaces, » 
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Table 8. - Causes of expiosions in Pennsylvania bituminous 


coal mines, 16578 — 1932 


Causes | Number of explosions 
Oven lights * ee3oee#e ee e 8 @ @ oe @ @ 40 
Electric arc or spark .« « «© «+ se eee 24 
Explosives or blasting devices « . «ee « « 16 
Mine fires eeeeeeeee ee 6 & © © © @ 4 
Unkmown . .« a er er re ee re ee ee ee ee a er a 1 

Total . . a ee ee ee ee ee re) 85 


Open lights.—- Of the 85 oxplosions listed in Table 6, 40, or 47 percent 
were caused by open lights. During the 4 years July 1, 1927, to June 30, 
1931, open lights caused at least 32.5 percont of all coal mine explosions 
in the United States; therefore, in Pennsylvania bituminous mines the per- 
centage of explosions by open lights was 14.5 greater than in this 4-year 
average in the coal mines of the United States, but during this 4-year period, 
open lights caused only 14.2 percent of the explosions in Pennsylvania mines. 


Onen lights caused a large percentage of the explosions until 1920, but 
in the 13 years from 1920 to 1932 there were only 7 explosions from this 
sourco. The widespread use of permissible electric cap lamps in Pennsylvania 
bituminous mines after 1920 undoubtedly is largely responsible aon the de- 
crease of explosions from this sourcé,. 


Electricity.- — 1911 to 1932, inclusive, 24, or 28 percent, of the 
cxplosions are charged to electrical ignitions. Since 1924, of 17 explosions 
listed, 13 or about 77 percent aro of this origin. In 1894, a State inspec- 
tor's annual report included a warning of the increasing hazard from the 
introduction of eloctrical equipment into gassy mines. At least in part as 
a result of special inspection of electrical equipment by the State in 1929 
to see that it was maintained in accordance with the standards established 
by the United States Bureau of Mines, sucn explosions were reduced to one 
small ignition in 1930, none in 1931, and one in 1932. This is a real achieve-. 
ment, ono of which Pennsylvania bitumineus mining men may well be proud and . 
one which could well be studied and followed by coal mining people in other 
States. The following ooo. fea the types of explosions in Pennsylvania. 


_Sebrers, -~ tee. of. _explosions in bituminous mines 


Condition Gas Ges and dust Total 


Gassy mines. ..., , 24 35 63 


dxplosions .. . s+ | R623] 10 42 85 


Fatalities... . [leo [2 1,555 1, 876 
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The classification of mines as gassy or nongassy was rather vague until 
about 1909; from that yea u-til 1924, the nongassy mines figure prominently 
in the list of mines ir which explosions occurred. However, there nave been 
numerous other ignitions resulting in fatal and nonfatal injuries in this 
class of mine, The United States Bureau of Mines considers all-coal mines 
gassy or potentially gassv and has records’ of scores of cases in which so- 
called nongassy mines have almdst overnight given off gas in large quantitics; 
in numbers of such cases severe explosions’ have resulted. 


The 85 explosions listed in Table 6 chused 1,876 fatalities; the other 
85 unclassified explosions resulted in 108 fatalities. Dust was the largest 
factor in the fatalities, as the explosions in Pennsylvania bituminous mines 
in which gas only was involved averaged about 6 killed, even including the 
most severe gas explosions, while the average number killed where dust or gas 
and dust rere involved was 35. | 


Blasting and explosives.- Qne exnlosion of dynamite in 1888 caused a 
dust explosion, which was probably the first recc gnized dust explosion in this 
country. Blown-out shots and other dangerous blasting risks caused 14 other 
explosions from 1900 to 1928, most of ‘them prior to 1910 and practically all 
of them involving ae or black blasting powder. 

Fires.- Of the 4. qerations fron fi red, 1 was fron sasteseine coals and 
cilled 13 and 3 were frou sealed fires apened too soon, costing 27 lives. 
Mine fires are ulways a potential cuase of explosions, and when fires occur 
they should be given the most .careful handling. 


CAUSES OF GAS ACCUMULATI ONS AND DUST SUSPENSIONS 
IN BITUMINOUS MINES — 


In 76 explosions Gas ignitions were the primary cause and in 9 explo-~ 
sions gas played no aprceciable part insofar as can be ascertained, coal-dust 
alone being the igniting end propagating medium. The largest number of gas 
accumilatious came from insufficient or interruntcd ventilation. Open doors 
ranked second in thé cause of gas. accumulations, fans and falls of roof or 
coal wero third, and feéddrs or.inrush of gas fourth. Dust was raised into a 
cloud and ignited by shooting off the solid and other methods of blasting, by 
cars or conveyors wrecking on slopes, .and by a post falling on explosives that 
in turn detonated. These. primary. causes of explosions are discussed under the 
major divisions and are summarizod in Table 9. 
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Table °. ~ Causes of gas éccumulations and dust suspensions 


in Pennsylvania bituminous mines 


Causes 


Insufficient or interrupted ventilation 
Insufficient ventilation at face. . 


Insutficient ventilation, other than at face 
No ventilation . .....ee-e 


Interrupted ventilation 
Gas found but not removed 


Careless ventilating practice 


Gas in cavity at face 


Raised curtain, hole in pillar .. 


Water flooded section cut off air in 


Repeiring stopping . « « e e 


Omen doors .« « « «© esee r 
Door left open . ... « « » 
Door removed .« « « e « « e 
Cars left in door~4+¢ y< 


Fan idle; moved gas when started 


Fan not operating 


Falls of roof or coal ..«.«-se«eee 


Fall of roof released gas 


Pillar removal and falls . . « « « « « « « 
Fall broke gas or oil pipe line om surface 
Squeeze caused short-circuit of air 


Fall of roof or oven door 


eee#eo8eeo @ 
ae ee eet nee eee 


Feeders and inrush of gas . « « + « ¢ « e 
Feeders opened by. nillar removal . .«. 
Feeders: released by cutting coal . . 


Gas rushed in from abandoned mine 


Feeder from floor 


Miscellaneous Ce ee ee ee ee ee ee ee ee ee 
Removing fire seals before fire exting 


Gas S released by blasting 


Dust raised into suspension « « - 
Shooting off solid oe ee @ @ 


BlOSUING <6: at Se ee Sw a 
Trip of cars wrecked on slope 


Broken conveyor on slope « e e 


Post fell on explosives 


Google 


® e® 868 e8e @¢ @ 
shaft .. 

eo 6 @¢@060 0 @ 
shed 


16 - 


e @ e@ oo @ fe 
lal 


ee @ e @ je 


Exvlosions 


Mee Pt) Om ~2 


~ 
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Insufficient or interrupted ventilation.~ 0. the 85 explosions listed in 
Table 6, 33 were caused by ignition of gas that accumulated through insuffic- 
ient or interrunted ventilation. Insufficient ventilation at the face resulted 
in 11 accumilations, and 7 accumulations. resulted from insufficient ventilation 
in places other than the face. "No ventilation" allowed gas to accumulate 
prior to 6 explosions. Interrunted ventilation and gas found but not removed 
vere each responsible for 2 gas accumulations. Other causes were the result 
of careless ventilating practices, gas in cavity in roof not removed, a curtain 
raised or a hole in a pillar short-circuiting the air, water cutting off air 
in a shaft, and failure to provide temnorary brattice while repairing a stopning. 


Open doors.~- In 14 explosions, gas that was ignited had »reviously accum- 
lated through doors being loft open. The removal of a door and cars left ina 
door each were responsible for gas accumlations. 


FYans.— Fans should be operated at all times, and failure to do so may 
result in gas accumulations; saving money by shutting down the fan on idle 
jays is likely to prove expensive economy. in the long run. Shutting down 
fans in 7 instances @llowed gas to accumulate; explosions followed, in each 
instance when the gas was moved over @ source of ignition when the fans were 
started. In 3 cases gas accumulated while fans were not pperetinge 


Feeders or inrush of gas. - Sudden. inrushec of gas occur when feeders are 
released when coal’ is cut, or when pillars are removed, or when falls occur. 
Falls or removal’of barrier pillars may release gas in an adjoining abandoned 
mine and force it into the working property. Feeders were released and ignited 
in 6 cases, as recorded in Table 6; the best protection against occurrences of 
this type is the elimination of sources: of lenition such as open lights, non- 
permissible electrical equipment, etc. 


Other causes .— In 3. explosions, ‘gas that had accumiated when fires were 
sealed was diluted to form explosive mixtures and was ignited by sinoldering 
fires when seals— were removed before the fires were extinguished. Blasting 
released gas and ‘denited, it in at least one instance, 


Dust raised into suspension.— Nine of the. explosions were Classed wholly 
28 dust explosions and 7 of these were caused by blasting or explosives. In 
3 explosions dust was raised. into a cloud and ignited by. explosives where coal 
was shot off the ‘solid. Blasting caused combustible dust to be raised into | 
eg air and ignited by the explosives in 3 instances, l when blasting rock for — 
an overcast, 1 when coal was blasted without stemming being placed in the shot 
hole, and 1 when aia shots were fired. 


A trip of cars wre.ced on @ slope thréw dust into suspension, and an arc 
from the trolley. wire ignited the dust. The breaking of a coal conveyor threw 


into suspension a.dense cloud of coal-dust and which was ignited by an elec- 
tric arce : -t : 


s 
. : 3 
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PREVENTION OF EXPLOSIO.S IN PEMISYLVANTA 
BITUMINOUS MINES’ 


The recommendations for »reventing a recurrence of similar explosions 
were made in reports of the various explosions. These represent, in general, 
the accented safety practices at the time they were made, and as such are of 
interest. The recommendations and the number of times each was made are 


given in Table 10. 


Table 10. ~ Recommendations for preventing explosions at time 
of explosions in bituminous mines 
of Pennsylvania 


nn UR 
Recommendations (i made 


Ventilation Oe ee ee ee | 
Inspection ee eee © © @ © © © © © © © © 8 ee ee oe ee ew he le 
Dust control (watering, rock—dusting, water on cutter bar) ... . | 31, 
Permissible (closed) lights ee eee © © © © © oe ee he eh Ohl le 
Flame safety lamys eeeee8 @ © © © © © © © 
Permissible explosives and blasting devices 
Permissible or storage—battery equipment . 
! 


Supervision Ce cr a ee ee | 
Testing for gas by machinemen .. « « « e 
Inspoction of idlo wor!cings eee © © © @ 
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Ventilation.— The need. fob well-designed: avateis of ventilation is of 
even greater importance in bituminous mines:.than. in anthracite mines, for an 
ignition of gas that may causo littlo damage and no injuries in anthracite 
mines may develop into a widespread explosion in bituminous mines through 
propagation by oxplosive coal-dust. This hazard and themed for talcing pre- 
cautions is reflected in the 44 times that recommendation for improving 
ventilation was made, 
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Fans adequate for the needs should be provided and the air should then be 
taken to the working facere with a minimm of lIoss. Some of the best-ventilated 
Pennsylvania. mines conduct at least 90 per cent of the air to the working 
areas. This is accomplished by constructing tight, fireproof stoppings, pro- 
viding large area openings for conducting air--generally accomvlished by 
utilizing a number of entries for airways—by eliminating doors wherever 
yossible through construction of overcasts, and by sinicing auxiliary shafts or 
extending entries to the outcrops as the workings advance to provide fresh air 
near the active workings and simultaneously to reduce the amount of travel of 
the air with attendant decrease in power consumption by the fan. ~~ 


Inspection.- The second largest number of recommendations, 33, was for 
improving methods of inspection, generally interpreted to mean that testing 
for gas should be more thorough and that closer attention should be given to 
the ventilating system to prevent: gas from accumlating. While these are two 
of the important duties of an inspector or supervising official, it 1s equally 
important that he should maintain a constant survey of dust-control methods 
such as watering and rock~dusting, keep a close check on electrical equipment 
to see that the possibility of producing an external spark or arc is reduced 
to & minimm, and see that onen-flame lamps are not used, emokxing is not allowed, 
mae that open-tyra equipment, if impracticable to prohibit underground, is 

restricted to use in strictly fresh air. 


Dust control.~— The control of dust by rock~dusting and watering was recom~ 
zended $1 times, indicatin” that the hazard of dust in bituminous mines was 
recognized by the trained ‘n\2stigators, but that the mine operators disregarded 
or were unaware of the .7*trene hazard of combustible dust. Explosions may be 
controlled if rock-—dust is = »x»plied in amounts large enough to render the com- 
tustible qust inert to oxplusibility and if all open parts of the mine are rock- 
dusted to €ithin at least 50 feet of every active working place and to the face 
of every idle or abandoned. unsealed placo. Watering should be practiced to 
allay the dust at the source; water should be applied-.on the cutter bar of 
mining machines during cutting, and thn face region should be wetted before 
tlasting, the coal pile should be kept wet during loading, and the tops of 
Icaded cars should be wetted before the cars are hauled from the working place. 
“ater should also be sprayed on loaded trips hefore leaving a section, and 


considerable success has been attained by sprinkling haulage-road beds as an 
adjunct to rock-dusting. 


Rock-dusting has been advocated by various engineers both in and out of 
tae Bureau of Mines in the United States from 1908 onward. About 1913 it was 
generally proposed by the Bureau of Mines onginecrs as a preventive measure, 
and in 1923 it was made an official recommendation of the Bureau of Minos, 
tased on long series of tests in its: Experimental mine, though it was used but 
little in commercial mines until after that date. In the last few years there 
cave been numerous cases where serious disasters have been averted in mincs 
SO protected, and there must have been many more which have gone unrecorded 
ard perhaps unnoticed. (See Bureau of Mines Inf. Circ. 6596, April, 1932.) 
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Permissible (closed) lights.- The fourth largest mumber of recommenda- 


tions’ (22) was that permissible (closed) lights be used for -ziners! portable 
Tishting. The danger of oven lights has generally been recognized and most 
of the mine workers in Penns lvania bituninous regions are provided with per- 
missible electric cap lamps; nevertheless, large numbers of onen lights are 
now being used, and in any mine whether gassy or so-called nongassy they will 
always be @ source of ignition of dust, explosives, and possibly of gas. 


The installation of closed lishts, however, in many cases results in 
neglect of ventilation. This should never be allowed, as such neglect is 
very likely to result in exnlosions of gas ignited by electric arcs or 
smoking. 


Flame safety lamps.- Under "Inspection" it was micbed out that testing 
for dangerous mixtures of gas and air is essential to prevent the accumlation 
of gas unimown to workmen in the mine. At present the flame safety lamp is 
one of the quickest instruments for determining the presence of gas and at 
the same time indicating oxygen deficiency. It is doubtful if the average 
person mailing tests for gas detects loss than 3 per cent of methane, although 
by "capping" the flame, careful inspectors who have very good eyesight may 
detect less than 1 percent. The flame safety lamp is safe only when properly 
assembled and in the hands of a competent, carefully trained person. All 
flame safety lamps should be tested in a scientifically designed testing box; 
reliance should not be nlaced on time-honored but inefficient methods of test- 
ing flame safety lamps by blowing on or at them. All lamps should be permis- 
sible, magneticall;-locked typos, and those locics should not be tampered with. 


Safety lamps and closed lights.-  Wlectric cap lamps in use in the 
bituminous mines of Pennsylvania have 4dncreased from a number estimated to be 
800 in 1913 to 106,640 in 1932. The ranid adoption of closed lights was un- 
deubtedly responsivle for the marked decrease in open—light oxplosions after 
1920, The United States Bureau of liines started testing electric lamps in 
1909, and granted the first approval in 1913. The State inspectors were con- 
stantly striving for better ventilation and inspection since first appointed 
in 1877, They obtained cooveration of the onerators to an extent that was 
responsible for rapid ‘and continued improvements. The new code, put into 
effect in 1911, called for locked flame safety lamps approved by the United 
States Bureau of Mines, and permissible explosives when ordered by the 
inspectors. 


Permissible explosives and blasting devices.- The hazards of black powder 
and dynamite are generally well known, and the effectiveness and safety of 


permissible explosives are generally recognized; nevertheless, nonpermissible 
explosives are still widely used and even where permissible explosives are 
"used, blaclz powder and lonzg-flame dynamite are also used. The hazard of 
using mixed explosives is often greater. than the use of nonpermissible 
explosives. alone. — | 


Electrical blasting is by far safer than is blasting by fuse or squibs 
though electrical blasting itself is by no means foolproof. Flectrical 
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blasting devicos should be of a permissible type, for tests have shown re- 
peatedly that multiple and nonpermissible blasting devices will ignite gas. 
Unquestionably one means of preventing explosions in both dusty and gassy 
bituminous coal mines is to use permissible explosives in. a permissible 
manner, and to blast with Pormsessyne blasting units. 


Permissible. explosives.~ The types and quantity of explosives used in 
Pennsylvania bituminous mines follow: 


Classes of explosives used in bituminous mines 


Black powder Dynamite 


Permissible 


1901 .... 7,900,000 - Uf 676,000 -e- 
OL? sais 19,071,275 2,332,339 8,218,750 
1931 oe. 5,935, 525 965,045 8,067,007 


According to State Mine Tispector's report. - 


The Rolling Mill explosion in 1902 fixed attention on the nend of safer 
types of exp! osives; some early types ware developed at this time and were 
widely used -*ter + e  parwic! disaster in 1904, Through es blishment of 
‘the United Se. ites PEE} ng station in 1906 “a: Pittsburch, new 
end improved brands of explosivys were placed on the market. Modern blasting 
devices are not foolproof, but ty. observance of known and proved limitations 
in their use, ignitions from this source..can be preventod. However, there 
are several pertinent points still to be.studied in firing practice «nd the 
develorment of blasting units, but unquestionably the best method of prevent— 
ing widespread explosions with heavy loss of life through blasi-ng in bitumin- 


ous coal mines is to do all blasting work when the working shift is out of the 
mine. 


Permissible storage-battery or ror permissitle equipmont.— Twelve 
recommendations were made for the use of permissiLie equimment, including | 
storage-battery equipment. The use of electrical equipment underground 
introduces numerous sources of gas and dust ignition. During the feur years” 
ended June 30, 1931, Bureau of Mines Information Circular 6540 shows that 
49.8 percent of the mine explosions in the United States were of electrical - 
origin and that the fatalities resulting from the exvlosions of electrical’ 
crigin constituted 74.8 percent of all explosion fatalities. .In other onda. 
if electrical equipment had been permissible and mainteined in a permissible 
condition, nearly three fourths of the explosion fatalities might have been . 


prevented, as there is not on record an explosion known to have been initiated 
by permissible electrical equipment, 


For mine use, permissible mining machines, rock-dusting machines, pumo 
motors, telephones, junction boxes, switches, locomotives, lights and prac- 
tleally every type of electrical equipment needed in mines are aveilable. 
Their use and proper maintenance will-help to provent explosions. The record 


992 -2l1-~ 


Google 


t*C. 6710 


shows that nearly 77 »ercent of the explosions in the bituminous mines of 
Pennsylvania since 1934 have been initiated by electric arcs from nonpermis- 
sible electrical installations, and it is to be hoped that the vigilance of the 
past 3 years as to electrical equipment in Pennsylvania bituminous mines will 
not be relaxed. _.- 


Supervision.— The eighth recommendation, made only 6 times, is for 
adequate supervision, Unquestionably this recommendation could well have 
been made in numerous other cases. It is through suvervision that ventilation 
is effectively maintained, inspection is kept efficient, dust is controlled, 
and adequate safeguards as-to immiting agencies are provided; it is the back- 
bone of explosion prevention, just as it is the keystone of the provention of 
accidents of all kinds and of efficient operation as well. 


Miscellaneous recommendations.- Seventeen other recommendations are made, 
but each is a corollary to the main recommendations, 7 


Fatalitios and mine explosions.— A study of production and of data on 
the number idilled in gas and dust exnlosionSin bituminous mines of Pennsylvania 
from 1878 to 1932 indicates that there is essentially no correlation between 
production and fatalities or explosions. MNaturally, where mines have been 
closed for considerable periods by strikes, the number of explosions drops. 
The small mumber of explosions in relation to the high cost in lives is clearly 
shown. The high peaks from great disasters are regularly followed by low 
yoints, showing that renewed precautions and preventive measures induced by 
such lessons are effective, until forgetfulness and slackness leaves another 
opening, or in some cases a new and unforeseen combination of agencies arises, 


Table 11. - Number of explosions and fatalities from explosions 
;° 4n Pennsylvania mines, 1847 — 1932 


‘ Anthracite mines 7 Bituminous mines — 
Years. Number of a | - Number of 
= explosions ei Fatalities |-. explosions Fatalities 
- 1869 4 | u 13 
1870 ~ 1879 WS | 269 1/ 3 1/7 5 
1880 ~ 1889 4. . 109 °° | 223 23 84 
1890 —~ 1899 |. 191 — | 409 23 177 
1900 —- 1909 — 221 | 355 53 909 
1910 — 1919 261 424 28 255 
1920 - 1929 291 450 - 35 5A5 
1930 - 1932 2/ #6 26 2/70 _ ef 5 2/ 9 


Totals: 1232 2213 1984 


1/ Two years only recorded. 
2/ Three-year period. 


Some essential facts on explosions and the fatalities from explosions in . 
Pennsylvania coal mines have been arranged by decades from 1870.to 1932 in 
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Table ll. In the anthracite mines fro: 1890 to 1929, inclusive, the number 

of explosions increased at the rate of edout 3 ner nants hovever, in the 

3-year veriod 1930 to 1932, inclusive, there were only 36 expiouionds at the 
rate of 120 in 10 years, this is a notable decrease from the 291 which occurred 
in the decade 1920 to 1929, inclusive. The fatalities ranged from 255 to, 450 
each decade from 1890 to 1929, or 35 to 45 per year; in the years 1930 to 1932, 
inclusive, the fatalities have been at the rate of about 23 ver year, a definite 
improvement on the rast bat by no means an irreducible minimum of fatalities 
from explosions in anthracite mines. | 


In the bituminous mines from 1880 to 1929 there have been 23 to 53 explo- 
sions per 10 years, with fatalities ranging from 8 to 909. During the 3 yeers 
1230 to 1932, inclusive, in 5 explosions 9 men were killed, an admirable record 
and one difficult to improve. The average munber of explosions per year in the 
last 3-year period was at a rate about half that of the other periods, and the 
number icilled was.. from one tuird to one tenth of the average for »vreceding 
verLodse er ee Lo 

The United States Bureau of Mines, through its Mine Sefety Board, issues 
‘decisions" on safety methods and practices. Such decisions as rolate to ex~ 
plosion prevention methods are as follows: os 


-ecision 1: 
The Bureau of Mines recommends : 


(a) In all coal mines the portable lamps for illumination be per- 
missible, portable, electric mine lamps; and also 

(b) In places where fire dam or blaci: damp is liable to be en- 
countered, a permissible macnetically-locked flame safet:; lam for gas 
detection, or equivalent permissible device, be supplied to at least 
one experienced ermloyee in each such place; and 

(c) Any emvlovee before being supplied with a permissible flame — 
satety lamp be examined by e competent official of the mine to assure 
the man's ability to detect gas; and 

(a) 411 coal mines whether classed as nongassy or gassy in any 
part, be supplied with magnetically locked, permissible, flame safety 
lamps, properly maintained and in sufficient number for all inspection 


purposes, 


“a 


-*cision 23 


a 


In the interests of safety the Bureau of Mines recommends that for 
blasting in coal mines, permissible explosives, fired electrically, be 
exclusively used; and that as an aid to blasting, all coal whica is 
feasible to cut, should be cut or sheared. 
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vecision 4: 


In the interest of safety, the Bureau of ines, Devartment of 
Commerce, recommends that auxiliary fans or blowers should not be. 
used in coal mines as a substitute for methods of regular and con 
tinuous coursing of the air to every face of the mine. 


Decision 5: 


To prevent the propagation of mine explosion, the Bureau of Mines, 
Department of Commerce, recommends roci-dusting all coal mines, except 
antnoracite mines, in every part, whether in damp or dry condition. 

It also recommends that rock-dust barriers be used to sectionalize the 
mine as additional defense; but these should not be regarded as a sul- 
stitute for generalized rock-dusting. 


Decision 63 


In the interest of safety, the Bureau of Mines, Devartment of 
Commerce, recommends that in coal mines all entries, rooms, panels, 
or sevvions thet cannot be kent well ventilated throughout or cannot 
be inetec:ted regularly and thoroughly, or that are not being used 
for coursing the air, travel, haulage, or the extraction of coal, be 
sealed by strong fireproor stoppingse — 


Decision 7: 


In the interest of safety, the Bureau of Mines, Department of 
Commerce, recormends: 


1, That the main intake and main return air currents in mines 
be in separate shafts, slopes, or drifts. 


2. That the main intake shaft lining be of fireproof construc— 
tion, and there be a minimum amount of inflammable material in or 
adjacent to the shaft. — 


pecision 9: 


902 


The Bureau of Mines, Department of Commerce, recommends in coal~ 
mine ventilation practice the following specifications as to unit 
quantity and quality of air: 


1. The quantity in cubic feet of pure intake air flowing per 
minute in any ventilating split shall be at least equal to 100 
times the mumber of men in that split. 


2e The quantity of air entering each unsealed place shall be 
at least 200 cubic feet per mimte and as much more as may be neces— 


sary to properly dilute, and carry away inflammable or harmful gases 
which may be present. 
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3. The air suall be mado to circulate continuously to. the: face 
in every unsealed place into which an ence Teh te enount ss m-tuane 
enters. — 7 


4. The air in any unsoaled place shall »e soneideted umfit for 
men if it snall be found to cdntain less than 19 percent oxyzen (dry 
basis), more than 1 percent carbon dioxide, or a harmful amount of 
poisonous gas. 


oe If the air in any unscaled ~lace, when samrled or tested in 
any part of that place not nearer thon 4 feet from the face and 10 
‘inches from the roof, shall be found to coutain: a 


(a) more than 1-1/2 percent of inf lemmable gas, the 
place shall be considered to be in hazardous condi 
tion and require imvroved ventilation, and ; 


(b) if more then 2-1/2 percent of inflemmbdle gas is 
found, the place shall ve considered dangerous, end 
only men wno have been officially desizsmated to in- 
prove the ventilation and are properly Be aronnen 
snall remiin in or ente> said place. 


6. If the eir in the split which ventilatos any group of workings 


contains more than 1-1/2 vercent of inflammable gas, these workings 
suell be considered to be in a dangerous condition and only men who 
have been officially designated to improve the ventilation and are 
properly protected, srall remain in or enter said workings, 


6cision 11: 


In the interest of safety, the Burcau of Mines, Departmont of 
Commerce, recommends that in coal minos, haulege end (or) hoisting 
be kept in intake air as ‘ar as possibie. — 


cision 12: 


The Bureau of Mines, Depertment? of Seah. eoaive Mine 
Safety Decision Ho. 3, recownends that for-blasting either coal or 
rock in cozl mines, permissible exnlosives or equivalent permissible 
es be used exclusively, and in uae. on Ecol en that in blast- 
ng . 


1. Zach charge shell be in a tiolo properly drilled and stemmed 
with incombustible material. — 


2. Each shot shell be tired seraratoly by a vermissible single- 
shot blasting mit, usinz an electric detonator or immiting equivalent 
of akind specified by the bureau for the particular permissible ex- 
Plosive or permissible blasting Gevice. 
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3. Before and following each shot in gassy and slichtly gassy 
coal mines, exanination for gas shall be made with a pernissible 


flame safety lamm or permissible equivalent and 


4. If more than 1-1/2 percent of inflammable gas is found, in 
the quantity and by the method specified in Mine Safety Decision No. 
9, the nlace shall be considerod to be in a hazardous condition and 
before anothor shot is fired the cas shall be reduced by ventilation 


below the percentage and quantity specified in Decision No. 9. 

5. Each shot employing explosives shall be prepared and fired 
by or uncer the imnediate supervision of a man having a state cer- 
tificate as a mine examiner, fire boss, or foreman, and whenever 
conditions permit all other men than those authorized to prepare 
and fire shots shall be out of the mine when shot firirg with explo- 
sives is being done. 


Decision 15: 


The Bureau of lines, Devartment of Commerce, recommends that 
when electricity is used in coal mines rated as gassy, or wherever 
in any mine the atmospnere may become gassy: 


le Electrical equipment shall be permissible. 


2. Nonpermissible electrical equipment shall be used only 
in pure intake air. 


3. Electrical power shall be cut off whenever the air in 
the workings is in a dangerous condition, due to 
inflammable gas. 


Decision 15: 


In the interest of safaty in coal mining, the Bureau of Mines, 
Department of Commerce, recommends that, to lessen the coal—dust 
explosion hazard: 


(a) Machine coal cuttings be wet as the cutting is being done. 


(b) The coal face, and the working place 40 feet thorefron, 
shall be kept free of coal—dust by the use of water. 


(c) The top of loaded cars in the working place shall be wet. 
Decision 163 


In the interest of safety in coal mining, the Bureau of Mines» 
Department of Commerce, recommends that; 
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(a) Machine cuttings be removed from the cut. 


(0) If the er ‘cuttings are er a character which would 
contribute to a dust or rearens they shall be sent out 
of the mine. 


ision 17: 


To lessen the formation and distribution of coal dust in haulage 
ways, the Bureau of.Mines, Department of Commerce, recommends that 
in bituminous and lignite coal mines: 


(1) The mine cars should be constructed and maintained dust- 
tight. 


(2) The coal should be so loaded that it will not shake off 
in haulage. 


(3) The cars and loads should be so spraved as to prevent 
dust being distributed along the haulage ways. 


ision 18: 


In the interest of safety: in opal mining, the United States 
Bureau of Mines recommends that: . i 


(1) The foreman rezularly in charge of underground onerations 
and @lso any person who, in the absence of the foreman, 
may bo placed in temporary charge should each have a cer- 
tificate of S| from the State to act as mine 
foreman, AY dye os ' _ 


(2) The superintendent ¢ or. ‘person in responsible charge of the 
mine, to whon.the mine foreman reports, should nave a 
certificate of competency from the State which should be 
-lssued upon a showing of underground experience for a 
period of time as long as that required for a foreman's 
certificate and upon passing an examination including 
all technical questions asked in the examination required 
of foremen. 


(3) These certificatns should expire after some stated period 
of time, such as 5 vears, and snould be removed only 
after the applicant has again passed the examination re~ 
quired by the State. 
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Soo'siion 20: 


In the interest of safety in underground mining, the United 
States Bureau of Mines recomménds that while driving tunnels or 
driits and sinking or raising shafts or slopes, and also in their. 
operation, there should be an adequate ventilating current wherever 
men work or travel. 


CONCLUSIONS _ 


The very good record made in reducing the number and the accident severity 
of explosions during the last 3 years in Pennsylvania coal mines is largely 
due to greater effort on the part of State mine inspectors and the closer 
supervision given by the inspectors. Many mines are idle, and hence the in- 
spectors are able to visit the operating mines more frequently and thus main- 
tain a closer supervision. Credit for the reduction in.exnlosions also is dus 
the mine operators and mine vorkers who, in spite of unfavorable economic con 
citions, have in goneral given closer attention to safety, and to educational 
work looking to the forwarding of safety. 


The principal primary causes of explosions havo been insufficient or 
interrupted ventilation, open vontilating doors, release of gas by squeezes, 
falls or runs of roof or coal, the use or rather misuse of auxiliary fans 
underground, intermittent oneration of fans, use of nonpermissible explosives 
and blasting units, release of feeders or bodies of gas by blasting or cutting 
into gassy beds or abandoned workings, and, in bituminous mines, dust throm 
into suspension by blasting or by wrecked trips and conveyors. The chief 
causes of ignition of cas or dust were open lights, explosives or blasting de- 
vices, electric arcs or sparls, smoking, defective or carelessly handled f lame 
satety lamps, and mine fires. 


Explosion prevention depends primarily upon effective supervision, ade- 
quate ventilation, the exclusive use of permissible electric cap lamps for 
portable lights, the use of magnetically locked, flame safety lamps for test- 
ing for gas and for light, blasting with permissible explosives and permissivle 
blasting units, and the use of permissible~type electric equipment. These 
fundamentals become effective when the underground emmloyees are instructed 
in then, and such instruction is best accomplished by maintaining an active 
safety organization. 
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